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EFFECTS OF MELEZITOSE AND STACHYOSE ON ADULT
LONGEVITY AND VIRUS PERSISTENCE IN CULICOIDES
SONORENSIS (DIPTERA: CERATOPOGONIDAE)
Will K. Reeves1,3 and Guinevere Z. Jones2
ABSTRACT.—A wide variety of blood-feeding Diptera feed on extrafloral sugar sources such as homopteran honeydew. The significance of these sugar sources to insect survival and disease transmission is poorly known. Culicoides
sonorensis, a biting midge, can survive on plant sugars but might also feed on homopteran honeydew. The survival of C.
sonorensis fed 10% melezitose or 10% stachyose was compared to that of C. sonorensis fed 10% sucrose. A significantly
greater number of C. sonorensis survived longer when fed melezitose than when fed either stachyose or sucrose. The
effect of sugar meals on vector competence was measured using bluetongue and epizootic hemorrhagic disease viruses.
There was no significant difference in viral persistence. However, if C. sonorensis feeds on homopteran honeydew in the
wild, a larger number of midges could survive to transmit orbiviruses.
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Culicoides sonorensis Wirth and Jones (Diptera: Ceratopogonidae), a biting midge, is the
most economically significant species of Culicoides in North America because it transmits
the bluetongue (BTV) and epizootic hemorrhagic disease (EHDV) viruses (Reoviridae:
Orbivirus) to domestic and wild ruminants (Foster et al. 1963, 1977). It is also an experimental
or natural vector of several native or exotic
arboviruses, including African horse sickness
(Boorman et al. 1975, Emmons et al. 1983, Jennings and Mellor 1989, Mellor et al. 2000).
Both male and female C. sonorensis feed on
sugars in the laboratory and in the wild (Mullens 1985, Hunt 1994). In the wild, sources of
these sugar meals are generally unknown, but
field studies by Mullens (1985) suggested that
extrafloral sources such as homopteran honeydew could exist. Homopteran honeydew can
be a significant source of sugars for biting flies
and has been detected in the gut of several
species of Culicidae, Psychodidae, Simuliidae,
and Tabanidae (Nayar and Saurman 1971, Killick-Kendrick and Killick-Kendrick 1987,
Moore et al. 1987, Schutz and Gaugler 1989,
Burgin and Hunter 1997, Janzen and Hunter
1998, Hamilton and El Naiem 2000, Ossowski
and Hunter 2000). Honeydew sugars can be
significant sources of energy and can influence

fly behavior, fly distribution, and pathogen
persistence in the insect vector (KillickKendrick and Killick-Kendrick 1987). Both
melezitose and stachyose are major sugars in
homopteran honeydew (Ossowski and Hunter
2000). There was no information on the
longevity of C. sonorensis that were fed on
melezitose and stachyose versus sucrose or
the effects of these sugars on the susceptibility
of biting midges to bluetongue and epizootic
hemorrhagic disease viruses. The purpose of
this research was to determine if feeding on
honeydew sugars is a factor in longevity or
virus persistence in this biting midge.
METHODS
Colonies of C. sonorensis were continuously
maintained at the USDA Arthropod-Borne Animal Diseases Research Laboratory, Laramie,
Wyoming, as described by Hunt (1994). Biting
midges from the AK and Ausman colonies were
used for this experiment. The AK colony was
established from field-collected larvae from
southern California, and the Ausman colony was
established from larvae collected in Colorado.
Both colonies have been maintained in continuous culture in the laboratory, and gene flow
between colonies does not occur.
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To measure longevity, 448 biting midges
(sex ratio approximately 1:1) were divided
nearly equally and maintained on diets of 10%
sucrose or 10% melezitose in quadruplicate
rearing chambers at 24 °C. Mortality was
recorded daily until all flies were dead. Midges
were maintained in groups and not in individual containers, and survivorships of individual
midges and groups of midges have not been
compared. Mating does occur in the containers.
Teneral adult midges were held in a cage
without a sugar meal for 3 days prior to feeding. Holding midges without a sugar meal for
3 days was required to achieve significant
blood feeding in the laboratory (Hunt 1994).
Aliquots of 7 log10 of a 50% tissue culture
infectious dose (TCID50) of BTV-17 and
EHDV-2 in cell culture media were mixed 1:1
with blood and fed to females of C. sonorensis
(Ausman and AK colonies). Females of C.
sonorensis fully digested their blood meal and
oviposited in 3–4 days postfeeding (dpf; Hunt
1994). After feeding on virus mixed with blood,
midges were maintained on a 10% sucrose,
10% melezitose, or 10% stachyose diet for 12
days at 24 °C. A total of 109 flies were cropped
off 12 dpf for virus detection. Female flies
were sorted on a chill table and decapitated.
Then the heads and bodies were macerated
separately in homogenization buffer with
gold-plated tungsten beads (Spirit River, Roseburg, OR) using a tissue lyser (Qiagen, Valencia,
CA), as described by Kato and Mayer (2007).
In order to avoid contamination, a sterile scalpel
was used for each decapitation, and all tools
used to move heads or bodies were sterilized
with 4% bleach and 70% ethanol between each
transfer. Negative controls consisted of 8 flies
fed nothing but sugar water. Positive controls
consisted of 10 flies fed on virus and then
frozen immediately. A nontemplate control was
included for each extraction. Total RNA was
extracted from the bodies and heads as
described by Kato and Mayer (2007).
Midge survival and virus susceptibility were
analyzed with chi-square tests. Treatments were
statistically analyzed with a randomized complete block design of a factorial analysis (RCBD
ANOVA) using SAS version 9.1.
RESULTS
There was no significant difference (P >
0.05) between the survivorship of midges fed
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10% sucrose and those fed 10% melezitose for
the first 7 days postemergence. However, on
days 8–27 postemergence, there was significantly greater (P < 0.05) survivorship of
midges fed 10% melezitose. When fed a blood
meal with BTV-17 or EHDV-2 and maintained
on a diet of 10% sucrose, 10% melezitose, or
10% stachyose, significantly (P < 0.05) more
midges survived when fed 10% melezitose;
there were no differences in the survivorship
of midges fed 10% sucrose or 10% stachyose.
There were no significant differences (P >
0.05) in the virus persistence in midges fed
any of the sugar solutions. However, significantly more midges survived when fed 10%
melezitose, and thus a larger number of
infected midges survived.
DISCUSSION
Culicoides sonorensis fed on both melezitose and stachyose, which are major components of homopteran honeydew. Midges did
not exhibit increased survival when fed 10%
stachyose compared to 10% sucrose. Stachyose
is a component of homopteran honeydew, and
this sugar could be equal in nutritional value
to plant sugars, when metabolized by C.
sonorensis. Significantly (P < 0.05) more midges
survive longer when fed 10% melezitose, but
this sugar had no effect on virus susceptibility.
A wide variety of biting flies feed on homopteran honeydew; however, the survival of
these flies is poorly studied, if studied at all.
Based on our results, homopteran honeydew
might increase the life span of adult insects
because the honeydew consists primarily of
melezitose and stachyose. The life span of the
midges is important for vector competence. If
midges in the field feed on homopteran honeydew, a greater portion of these midges could
survive the extrinsic incubation period for
BTV or EHDV. The extrinsic incubation period
is the time needed for the virus to infect the
insect and be ready for transmission in the
salivary glands. The extrinsic incubation period
for BTV and EHDV in C. sonorensis living in
average autumn temperatures in the western
USA ranges from 18 to 26 days (Wittman et al.
2002). Both BTV and EHDV are transmitted
late in summer and fall. Homopteran honeydew is available later in the year because
aphid populations increase from spring through
summer. Thus, increased survival of midges
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fed on honeydew sugars could be significant
for disease transmission. A field study of sugar
meal sources for C. sonorensis and other biting midges during epizootics could indicate
that homopteran sugars are important in the
epidemiology of BTV or EHDV.
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